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I. INTRODUCTION

] On March 22, 1957, Mr. C. A. Henderlong, Principal
Mechaylcal and Electrical Engineer, requested by letter that the
Materials and Research Department perform a corrosion survey at
the Paso Robles School for Boys, under Work Order Number 3805G¢-18.,

Historically, the bulk of the water piping system at the
school was installed by the U. S. army in 1943. The present school
was constructed in 1953. Pronounced leakage due to corrosion has
developed during the last three years. During the week of April 1,
1957, representatives of the Materials and Research Department
carried out the requested survey of the water lines, the purpose
being to determine the probable cause of the corrosion and to
recommend an effective and economical method of dealing with the
problem.

II. SUMMARY

The fleld corrosion survey of the underground pipe net-
work at the Paso Robles School for Boys, which included visual
examination and measurements of pipe to soll potentials as well as
measurements of earth resistivities, led to the following con-
clusions:

The external corrosion of the water lines is caused by
typical soil induced galvanic action. This type of corrosion is
the result of pipes of dissimilar metals being electrically con-
nected in similar solls, and conversely, similar metallic pipes
connected together in dissimilar soll conditions.

Evidence, as indicated by the various electrical measure-
ments, confirms that, depending on the location, cast iron pipe is
causing the corrosion of adjacent steel pipe, that concrete embedded
electrical condult is causing the corrosion of cast iron pipe, and
that steel pipe in a high resistivity soll is causing the corrosion
of steel pipe in low resistivity soil.

In general, it is recomnaended that an impressed current
cathodlc protection system be installed and, if necessary, galvanic
anodes be consgidered for the protection of any electrically
shielded areas. Also, that all buried metallic structures be
electrically connected to the water system.

The estimated cost for cathodic protection in eﬁcess of
10,000 linear feet of pipe is estimated at approximately Ple, 500,

Detallied recomnendatlons are on page 11.
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A. Pipe to Soil Measurements

The discharge of electrical current from s corroding
structure can be detected by the electrical field
created by the corrosion currents,

By means of a high impedance voltmeter and a standard
copper su}fate half-cell, the priping system was checked

igr locations of galvanie current dlascharge or accumula-
lon.

The results of this potential survey are shown on
Exhiblt No. 1, Equipotential Contours.

As indicated by the potential measurements, the water
lines most prone to corrode and which are corroding are
near the laundry and administration buildings. Also,
the measurements indicate that future leaks in the water
system are most prone to occur in the various laterals
which service the dormitories.

The stability and reproducibility of the potential
measurements indlcate that the corrosion problem is
typically galvanic and is not caused by stray D. C.
currents. This does not exclude 60 cycle A, C.
currents which can induce corrosion under certaln con-
ditions, but in this case do not appear to have any
significant effect.

B. Electrical Resistivity of the Soil

Basically, the corrosion of metals in soil requires that
moisture, a soluble mineral, and oxygen from the alr be
present for the slectrochemical corrosion process to
function. The magnitude or intensity of electrical current
which can flow through the soil (electrolyte) depends to a
ma jor extent upon the socluble mineral content and the
electrical resistance of the soil.

The electrical reslstivity of the soll formations at the
Paso Robles School for Boys 1s shown on Exhilibit 2, Equl-

Resistivity Contour Map.

As Indicated by the reslstivity measurements, the soll
varles from 600 ohm em. to 30,000 ohm cm.

The resistivity of the soil adjacent to the lgundry
building, where the greatest number of leaks in the water
plpe have been sxperienced, 18 approximately l,OOO.ohm .
' or less, According to the following chart, the S?ll is
‘ moderately corrosive, and the earth exposed pipe in this

area 1s reaching the end of its normal 1life span.
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~ The Augus? }931 issue of Western Gas presents the follow-
ing 91§381f10ation of soil corrosivity as related to the
specific electrical resistance of such soils:

Resistivity - ohm em. Corrosivity
0 - L00 Severely corrosive
400 - 1200 Moderately corrosive
1200 - 000 M11ldly corrosive
HO00 -~ 10200 Slightly corrosive
L Probable Life of Bare
Resistivity - ohm cm. Steel Pipe in Years
0 - 1000 0 - g
1000 - 2500 9 -15
2500 - 10000 15 or more

C. Miscellaneous Tests

Current flow measurements wore made at the main propane
tank near the laundry building. The ground wire, which
runs from the propane tank to the galvanized chain link
fence, was disconnected and a direct current ammeter was
inserted. The measurement of a flow of direct current
indicated that the fence posts were corroding. The
measured current flow was 25 milliamperes.

Measurements were also made near the boller room to
determine if there were existing electrical intercon-
nections between the reinforcing steel, the electrical
conduit which is embedded in concrete, and the water lilnes.
One lead of the voltmeter was connected to the water line,
and the other lead was initially connected to the rein-
forecing steel, and then to the electrical condult. A
maximum voltage difference of 10 millivolts was found
between the water pipe and the conduit, and likewise
between the water plpe and the reinforcing steel. The
voltmeter was then electrically connected in between the
electrical conduit and the reinforcing steel. There was
an insignificant indication of voltage difference.

The lack of a significant voltage difference between the
pipes indicated that the water lines, electrical conduit,
and the reinforcing steel were electrically interconnected.

As a further check on the electrical interconnection, a
steel rod was driven in the ground. One side of the
voltmeter was left connected to the steel rod. The other

terminal of the voltmeter was progressively connected to
the water pipe, to the electrical conduilt, and then to

(P\ the reinforcing steel. The steel rod was approximately
0.4 volts anodie to the three test sections. This test
algo confirms that the reinforcing steel, selectrical
conduit, and water system were all interconnected. The

G Ha-R == A el Sole]


http://www.fastio.com/

anodic potential of 0.l volts also indicates that if the
st?el rod should remain in the ground and be left elec-
trically connected to the water system, it would soon
corrode due to the galvanic action.

IV. DISCUSSION

Corrosion Causes

As stated in the Summary, page 1, the general causes of
corrosion to the water system at this institution are
due to galvanic currents set up within the soil, where
the soil functions as an electrolyte. The difficulties
which have appeared in a number of locations are due to
damaged or poor application of the protective coating on
the pipe system during installation, or breakage and
failure of same since installation. The resultant ex-
posed areas of bare metal pipe experience higher current
concentrations over a smaller surface area than would be
encountered with a pipe system which was entirely bare.
These highly corrosive current densities, if anodie,
usually lead to rapid corrosion. The situation is
aggravated by the use of thin wall pipe.

A possible secondary difficulty i1s introduced by the
occasional discontinuities of the various underground
piping systems. 1In practice this occurs most commonly
where a Dresser coupling makes a poor connection between
two pipe sections, either due to a layer of scale or the
asphalt coatings involved. The galvanic currents set up
in the entire piping system may partially leave the pipe
in the vicinity of such a coupling, make a local detour
through the soll and return through an exposed area or
wrapping break to the next section of pipe. These polnts
of current departure about a high resistance couple sets
up electrolysis which is as detrimental as regular
galvanic action.

Thus cathodic protecilion, to operate both satisfactorily
and effectively, must have a8ll high resistance couples

or discontinuities eliminated from the system, and should
be maintalned at a sufficient potential of 0.85 volts
negative to a copper sulfate half-cell over the entire
system to discourage any local areas of corrosion.

From the economic standpoint approximately 500 feet of
well coated 8" steel pining in 1000 ohm cm. soll can be
cathodically protected from corrosion, employing onhe
magnesium anode having a 10 year 1ife, for approgimately
$50. In comparison to the high costs of_wate? line
replacement employing cast iron or transite plping,.the
use of cathodic protection is well worth consideration.
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B.

Anticipated Pipe Failures

Previous to 195l, no record was kept of the total amount
of leaks in the water system at the school. However, from
195& to 1957 there have been L3 leaks in the water system
which have regquired attention. Of the 43 leaks, 25 nave
been reported to have occurrod near the laundry and boiler
room. Insofar as an accurate leak record has been main-
tained since 195, it was considered expedient to use this
record to predict fubture difficulties. Thus Exhibit I1I,
Total Water Leaks Due to Corrosion Against Time, was
prepared. This indicates that without preventive measures
there will be |1 additional water leaks due to corrosion
in the year 1957. This correlation assumes that the slope
of the curve will not be materially affected by additions
or modifications, other than the recommended remedial
measures.

However, as there may exist an alternative possibility of
replacing the corroding water lines at the laundry and
administration building with corrosion resistant transite
or cast iron pipe, Exhibit IV, Water Line Leak Frequency
with Partial Corrosion Protection Methods, was prepared to
determine the possible frequency of anticipated leaks in
lines elsewhere than in the areas of possible plpe re-
placement.

This Exhibit IV indicates that there will undoubtedly be
9 additional leaks in 1957, and 19 additional leaks in
such line during the year 1958. Therefors, any partial
repairs to the water line in the vicinity of the laundry
and administration bulldings will not solve corrosion
problems Iin other parts of the system., Partial methods
of replacement will only forestall the resumption of the
present rate of leaks until 1959, but a replacement of
the most afflicted water lines in conjunction with a
suitable cathodlc protection system should curb practi-
cally all corrosion leaks.

Type of Protection

from the tests and visual examination of the installation,
it is impractical to electrically insulate the water system
from other piping or bullding structures to inhibit
corrosion. It 1s specifically recommended that the whole
underground system {(excluding the line to the loca} airport}
be brought under complete cathodic protection. This Would
eliminate any localized condition which would remain if
cathodic protection was limited. The plping of the system
is corroding in too many locations.

An impressed current system cf cathodlc protection‘is the
most desirable, since it permits some flexibility in
control. The wlde variatlons of electrical resistivity
in the soil indicate that a system of galvanic sacrificial
anodes would not be suitable, as such electrodes do not
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function well in areas of high resistivity soil. However,
due to the possibility of electrical shielding of some
portions of the riping by buildings, and due to the lack
of a 110 volt Supply in some aresas, galvanic anodes may
have to be resorted to over a portion of the system,

Application and Installation of Cathodic Protection

The application ang installation of cathodic protection
must be performed with care. Otherwise, accelerated
corrosion of some piping may be inadvertently caused.
Therefore, before cathodic protection is applied, the
piping system should be checked for electrical continuity.

Where electrical discontinuity of the piping system is
located, the pipe and Dressler coupling should be uncovered
and electrically bonded together.

Insofar as no recommendations have been made to attempt
to electrically bond all of the Dressler couplers in the
Syster, there rnay be a minor number of failures of the
couplers after cathodic protection is placed in operation.

The Tentative Specifications for the rectifier are con-
sidered adequate to give complete cathodic protection to
the piping system, being selected from mathematical
agsumptions. It is possible that a more economical size
of rectifier could be chosen after an actual field test
of current distribution from the instelled anode ground
bed.

After the cathodic protection is installed, it should be
periodically checked for operation. Standard check points
should be established by the deslgn or field engineer,

and measurements should be made by the maintenance division,
or others, weekly for the first six weeks of operation, A
monthly check thereafter would be sufficient. The check

on the operation of the system would not take more than

two hours.

The operational check of the system would entall the
logging of the rectifier output voltage and current, as
well as four or five pre-selected peints at which pipe-to-
scoll potentials are measured.

However, at the conclusion of the first month of operatlon,
this laboratory, or others, should make an inspection of
the system to check the operation of the rectifier, make a
potential survey, and, more important, ascertain if the
piping is electrically continuous. This should require a
maximum test and evaluation perlod of 3 days.
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V. CONCLUSIONS

The corrosion of the water lines is the result of gal-

vanlc corrosion, which is induced by soil conditions and dissimilar
metallic piping.

) If cathodic protection is not installed at the Institu-
tion, approximetely 4O additional leaks can be anticipated in 1957
due to corrosion. The placement of new or additional ripe will
affect the anticipated number of additional leaks, but will not
prevent future leaks.

Cathodic protection by impressed currents is the most
practical means of alleviating this corrosion. However, field
conditions are such that sacrificial galvanic anodes may have to
be installed in certain areas in conjunction with impressed current
electrodes.

The suggested methods and tentative specifications for

the cathodic protectlion installation are outlined in the followlng
two sections.

VI. RECOMMENDATIONS

1. That en impressed current cathodic protection system be
installed in conjunction with galvanic anodes for corrosion
alleviation.

2. That, as Indicated on the equi-resistivity contour map, the
rectifier should be placed in the gymnasium, or other
suitable location which will adequately protect the rectifier
from direct exposure to the sun or from vandalism. The
proposed locations for the anodes are also indicated on the
equl-resistivity contour map.

3. That the institution's 8" water system be electrically
insulated from a private system which services the Paso

Robles Alirport.

4. That, at the conclusion of the installation of the propossd
cathodlc protection system, an equl-potential contour map
be made of the final pipe-to-soil potentlal while under
cathodlce protection,

5. That pipe-to-soll measurements be made of the elechrically
insulated 8" water line to the alrport to determine 1f this
line 1s adversely affected by the cathodic protection system.
The potential of this Insulated line should not be affected
by the Statets cathodic protectlon system.

6. That, 1f any buried utility lines such as telephope or water,
traverse the general area of the institution, officials of
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10.

11.

iz,

13.

1.

15.

16.

17.

18,

19.

?he interested partiss should be notified of the State's
%ntentions. Proper tests should be performed in con-
Junction with the interested parties to determine if the
cathodic protection system at the school will affect such
distribution systems.

That any buried metallic structure, such as chain 1link
fence, should be electrically connected to the piping
system so as to receive cathodic protection.

That the installation of the anodes and wiring be performed
by contract or by day labor.

That the final rectifier sizes be selected at the conclu-
slon of a fileld test performed to establish the current
distribution of the anode ground bed.

That the piping systems be checked for electrical continuity
prior to the application of cathodic protection, as well as
after, as noted below in recommendation KNo. 18.

That all electrical discontinuities of the piping system be
electrically bonded.

That Dressler couplings, valves, or other metallic objects
which are located at an electrical discontinuity, shall be
electrically bonded to the piping system.

That any repalr, connection, or dissimilar metal which is
comnected to the piping by this work shall be heavily coated
by "0zite"™ or an equally effective protective coating, being
so Installed as to prevent direct metallic contact to the

seil.

That pipe-to-soll measurements be made and recorded at
selected points at weekly intervals for the first six weeks

of operation and monthly thereafter.

That the output voltage and current of the rectifier shall
be recorded at one-week intervals for tho first six weeks
of operatlon and monthly thereafter.

That the output of the rectifier ghall be adjusted, as
required, to maintain the piping system at least 0.85 volts
negative to a copper sulfate half-cell.

That the plping systern shall not exceed 3,0 volbis negative
to a copper sulfate half-cell.

That, at the conclusion of the first month of operation of
guch a cathodic protsesction system, a check be made of the
electrical continuilty of the piping system.

That the Materials and Research Department be informed of
any changes in rectifier output or the installation of new
plping after the cathodlic protection system is installed.
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20. That the Materials and Research Department be immediately
informed of any additional leaks in the piping system after
the 1installation of the Cathodic Protection System.

2l. That at the conclusion of the first month of operation of such
a cathodic protection installation an equivotential survey of
the system be made.

22. That at the conclusion of the first month of operation of the
cathodic protection installation the output of the rectifier
be altered, if necessary, to compensate for polarization of
the piping.

23. That at yearly intervals a corrosion survey be made of the
piping system to substantiate the effectiveness of such
cathodlce protection.

2. That at yearly intervals the piping system be checked for
electrical continuity.

28, That if the Materials and Research Department does not perform
the necessary yearly surveys that the Materials and Research
Department receive a copy of such surveys.

VII. TENTATIVE SPECIFICATIONS

Selenium Rectiller or Equal

Input - 110 or 220 volt, single phase, outpubt variable to 30 volts
D.C. at 25 amperes. Regulation of D,C, output from 0 to 30 volts
in a minimum range of 10 steps of equal voltage.

Specifications should include that the rectifier should pc_ar'formo1
satisfactorily under maximum output when alr temperature 1s 13071,

Tnstrument should include both D.C. ammeter and voltmeter to cover
the output range of rectifier. Overload and thermal protection for

the rectifier should be provided.

Specifications should also specilfy if the instrument is to be pols
or rack mounted.

Suggested Suppliers

Prance Krachy Company
hh11 Wavigation Blvd.
Houston, Texas

Harco Corporatlion

P. 0. Box 7026

16901 Broadway Avenue
Cleveland 28, Ohio

ClibPD
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Suggested Suppliers (Contd,)

Electrical Facllities, Inc. Cathodic Protection Service
L22), Holden Street 310 Thompson Building
Qakland, California Tulsa, Oklahoma
Sabins-Dohrmann Co. Pipe Line Anode Corp,

522 Catalina Blvd. Box 996

San Diego 6, California Tulsa, Oklahoma

Frost Englneers Service Co,
P. 0. Box 767
Huntington Park, California

Impressed Current Anodes

National graphlte anodes or equal. Anode to be 3" x 60" with No. 8
T.W. or equal lead wire attached and water sealed 5! of length.

Anode Backfill Material

"National"™ BF-3 backfill consisting of graphite particles and an
alkalizer or equal,
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Placement of Impressed Current Anodes

Impressed current anode beds shall be constructed at the locations
designated by the engineer in the following manner:

1. Aug?r, or otherwise construct anode holes of
12 inches diameter and 10 feet below the
grade of the original ground,

2. Backfill this hole with BF-3 or equal backfill
material to a well compacted depth of one foot
(9 feet below grade).

3. Place and center graphite anode in hole.

Continue to place and compact backfill material
in layers not exceeding one foot, until the
anode has a minimum of one foot of backfill
cover.

5. A sand or otherwise non-clay porous material is
to be used to completely backfil]l the anode
installation. Top soill may be used within 6"
of original ground level for the purpose of
growing lawn, et cetera.

Wiring

1. Stranded anode lead wire shall be 600 volt RR A.W.G. size
No. 2 or equal,

2. All splices of the anode lead wires to the main feeder lines
shall be made by solder joints, brazing, or the Cadweld Process
or equal. The soldered splices shall be adequately protected
from current leakage through the soil by using a Scotchcast
Splicing Kit containing ¥o. /| resin.

3. The main feeder line from the rectifier to the anode beds
shall be embedded at least one foot below the original ground
grade or to a depth that will insure its protection from
accidental severance by cultlvation or excavation.

If any anticipated major problem may occur of rodents severing
the main feeder line or the insulation of such, the cable shall
be protected by placing same in a sultable coverage of concrete
or metallic sheath.

Saerificial Anodes - Galvanice

Dow Type 32-D galvo-pak (Galvo-mag) magnesium anodes or equal with
10 foot lead wire.

Placement of Galvanlc Anodes

1. Auger 10" diameter hole 5' 6" deep, 3! dlstant from the pilpe.

ChHrPD
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—~ 2. Place anode in hole and compact soll around anode.

3. Moisten anode backfill.

4. Anode lead wire, which 1s to be buried 1' below ground, should
be brazed or electrically connected to the pipe by either the
Cadweld Process or equal.

5. If Cadweld Process is not employed, the following procedure
i1s recommended for connecting the lead wire to the pipe:

{(a) BPBraze 70 amp. or equal copper lug to pipe.

(b) Solder anode lead wire to copper lug.

(¢) Tape exposed wire with Scotchrap No. 50 or equal,
from the solder lug, to include a minimum of 6"
insulated wire beyond the soldered joint.

(d) Completely coat the splice and electrical pipe
connection with "Oakite'" or Scotchkote Brand
Electrical Coating or equal.

6. Backfilll hole with moist earth compacted in 6" layers.

VIII. CATHODIC PROTECTION -~ COST ESTIMATE

Cathodic Protection Rectifier $ 300.00
20 - 3" x 60" Regular Graphite Anodes 200.00
6 - Type 32-D (Galvo-Mag) Galvo-Pak Magnesium Anodes 138.00
Lime Treated Coke Breeze L8800 l1bs. 300,00
1000 L.F. A.W.G. No. 2 R.R. wire or equal 200.00
Misc. wire and connectors 150.00
Installation of anodes L00.00
Installation of wiring 1,000.00
Installation of rectifler 200.00
Engineering 1,000.00
—~ Sub total $ 3,888.00
+15% contingencles 583,20

$ L,u71.20

say $ L,500.00
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Exhibit v

CORROSION TECHNCLOGY DEFINITIONS

Hlectrolysis:

The production of chemlcal change in an electrolyte resulting
from the passage of electricity.

Galvanic Cell:

4 cell made up of two dissimilar conductors In contact with
an electrolyte, or two similar conductors in contact with
dissimilar electrolytes. The area involved may be microscopic
in size, or involve an area of many miles of pipe.

Local Actlion:

Long

Corrosion caused by local cells on a metal surface.

Line Current:

Current flowing through the earth from an anodic to a cathodic
area which returns along an underground metallle structure.
Usually used only where the areas are separated by considerable
distance and where the current results from concentration cell
actlon.

Concentration Cell:

An electrolytic cell, the emf of which is due to a difference
in concentration of the electrolyte or active metal at the
snode and cathode.

Stray Current Corrosion:

High

Corrosion caused by current through paths other than the intended
circuit, or by any extraneous current in the earth.

Resistance Couples:

A high resistance joint in a pipe, for example, may cause sSoMme
of the current carried by the pipe to bypass through the earth
and damage the anodic side of the jolint.
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